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(Distribution Limitation StaLenrent No. 2)

A method of simulating the effects of the static overpressure of -he ,irblast
and the resulting aiiblast-induced ground motions associated with a ni clear
blast w.,s developed by the Air Force Weapons Laboratory, and was designated
High Explosive Simulation Technique (HEST). Recently, the Air Force Weapons
Laboratory has beer conducting tests to simulate the direct-induced ground
shock from a nuclear detonation and has designated this simulation as Direct
Induced High Explosive Simulation Technique (DIHEST). Proposed construction of
new, harder weaponi systems ir rock sites made it desirable to apply the HEST
and DIHEST method to simulate these environments. This report describes the
design and constuction ef both the HAINDEC I and HA.NDEC II test facilities
that were constructed in rock loci ted r.ear Cedar City, Utah. Design criteria
are stated, some unique construction methods used are described, and reccmmen-
dations are made for application to future similar projects. A complete set
of design drawings and construction photographs are incladed. The Air Force
conducted the tests arnd analyzed the results. This phase of the project is
described in atother AFh'L technical. report and La not included herein,
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SECTION I

4d

Tihe U~nited StLateE Air Force. has been assigned theI

rL-iputisibilities fol conductinyj simulated riuclear tef-Le oti

opi.rijLlonal hazrionud syr~t-ertiu, for basic research or. nuc_'a~ar

Wuapionu eLll.LcOi eind tor- providing nt ormjwtion, relative to these

OMf0CLr for' LIO in deunlningj future hardened syst-ems. The

flucluar Tlent bat) Treaty of: Auguat 1963 niade it necess~ary to
devulcup n cn4habilfty tri sltimulate nucluai: we, ons etteC B. h

Civil Enr.1tncerirv; Branch ot the Air Force W.oapons Laboratoiy

(AdI-W.) runponcIcid with a program that devoloped the H~igh Explo-

ulvuj To~1ii~1 'cchn~lque (IILE'f), a techinique that s~irulat~es

Lthe punk nta~ic_ uvorpreusuru of the aix'blai.t and the resulting

ol i] ietiw~codqroundJ floUtiont 1roiri a nuclear detonation for

cei-tain ovozrprortijurq rargato and. tor coirtaln yield weaponal.
kocantly, thm Air P'o.uica Woaponts Laboratory haft been conducting

titu'IIau mudi tolvl tabl-ii to riit;ulatuo tho d3irect-induced ground

eJI.CkC t~annIl iraj From a~ 1AucIuai- duLoriatilon anid baa3 dosig-iated

thIm utIILuLatIor an 1)zAict(: Inducad I high Explosi'tac Simulation

A rt'idircicLluu (it attort, pi uu'jptud 1.y the development. of

hrau l h ildui Utit-ua:LUz e fi Ci C3 tit.W !Inl]y or. uIIIIEIilc

t4ar I I I aa hini zr-au)Ltcui in a pi u-pam to oipply thu IIL:'I and
UIJWII; Luchilqui'a Lu a zut.:4 AiLe. Thuuu pzoject~i, defjiqnated

IIAi IAh: I vi'd 1 IhU'A-A 11 D1V IU voiu lia UL iEXPux .11-U ntu, were pm-rforrned

at. nl tout ri en, I &iIpiIfj))ioxuit.miLilv I," ailour nonrl-west of
(CQLIn1 C'Ity, tUtnh. Thuw t.oautitij wou o cuirbiwmd AI'WL, and contractor

of ro t Th I'I AHMiri,': ' nu liit~y wuiu doui-i.~uid by AVI'W while the
hI~uCI I ihupi ~i't wim~ 'i.Uo i~iw by Lite pil.1l hocunLtrdctoL. The

* ~ nugtj, al.Luj ýV tU~l iQLd nll Lcumruz(u:Ljotu tauku. The test. tacili-

Llea, inu.ludiv'1 Ulu Quiaujtzuctiun of uIx LL-vt. ircus



(research n-odeis) on HANDEC 1 and nine test structures on

}IAt4L'LC i1, were built to -FqWL providea parameters. The test

objectives vere• (1) to produce an ovezoressure and an air-

Shock wave siri-la-, to thdc pzoduced by the crate-ring force ot

a nu.2lcar explosion as specified by che Air Force Weapons

Laborator.y (AFWL) in a rock media, (3) test the time phasing

of HELi" a-id DIHEST- (4) test an instrumentation syi tern in

protective piping in a multiple ground shock environment-

(5) test anchored surface instrumentation cable pipe systems

versus cable in a trench excavation in rock, with protective

pipe that was sand enclosed and concrete capped; and (6) test

a split pipe cable protection system which was also sanI en-

closed and concrete capped.

The major simulated airblast parameters were peak over-

pressure level, shock-front velocity, overpressure duration,

pulse shape and tc:al impulse. Simulated direct-induced

ground shock parameters were peak velocity and peak transient

displacements. The H;'NDEC I and HANDEC II tests were fired

with a 54 and 42.5 millisecond delay respectively ietween the

RlEST and DIPEST explosions to allow the two shock waves to be

induced into the rock with timing similar to that of a spec--

ified yield nuclear explosion. The achievement of specific

a .I . .a b ýf ' fect aL;e e t L ad tha. .. ...... . L.... .... ... S-

supporting structure on rock. Earth overburden was compacted

to a specified density against the exterior concrete walls of

each test facility and over the structural steel supports of

the test facility structure. Each test facility structure was

instrumented with strain gages to verify structural design and

'.nteqrity of the facility during surcharge loading. Detonating

cord was installed in the test cavity of each test facility in

specified amounts and configurations such that when detonated,

2



a shock wave would propagate throughout the cavity at the desig~i

velocity. The peak overpressu.re was contained for sufficient

time by the overburden and suicharge support structure, which

provided a reactive force to shape the resulting pulse wave

and to lengthen its duration. The DIHEST portion of the

test consisted of eleven holes, 9 inches in diŽ'meter.
at 10 felt o.c. These holes formed a 100-foot line parallel

to and located 25 feet fro.m the inside face of the test tacility

concrete wall. Explosives for each hole consisted of ten

* .10-pound awironium nitrate cannisters in e.,ch hole, located at

elevation minus 13 feet from the test facility floor and then

4 feet on center thereafter to elevation minus 49 feet, giving

a total explosive of 4400 pounds. These charges were grouted

in place by .FWL personnel. No additional berm was provided

over the DIHEST explosives. The DIHEST portion of the -LANDIEGC 11

test involved placing conventional explosives in 29 holes 12 In-

ches in diameter and spaced on 7 feet - 2 inch centers. Theea e

holes formed a 200-foot line parallel to and located 96 feet

from the inside face of the test facility wail and ext.eradud

approximately 70 feet below test bed elevation. Lxplonivo usud

was ireco DPA-22M, an aluminum arnmonium nitrate slurry. A total

of 92,440 pounds of explosive was used in the 29 holeu. To

reduce rock ejecta, an earth berm was cmatructed 60 feet wide

by 290 feet long, in plan, directly over the 29 holeu wit|a us-dv

slopes of 1 1/4 to 1. Berm height was approximately bO LouL

above test bed elevation as shown on Figure 91.

The end result of these testo was the collection of dala

relating to blast anid shock wave effectU on structuroa,

materials and instrumentation gages. Instrumontatioi. int th-

form of sensors was located in and around thu cavity Lo rucoid

the blast effects of the wave propagtLioa through tQho uock

material. Sensors included diijplbcemoirot (yeu, vulocity gaqeej,

:3



pressure gages, strain gages, accelerometers, and time-of-
arrival crystals. Instrumentation sensor data was trans-

mitted to a centralized trailer area and recorded for later

analysis by AFWL personnel. Instrumentation totaled approxi-

mately 600 active channels for both tests plus passive measure-
ments as specified by the AFWL document "HANDEC I and HANDEC II
Structural Measurement List." All instrumentation for HANDEC I

and HANDEC II was designed, procured, and installed by

technicians from the Air Force Weapons Laboratory, Special
Weapons Center and the E. H. Weng Civil Engineering Research
Facility. Drilling services for instrumentation installation

was provided by the U. S. Army Corps of Engineers, Mobile

District, Mobile, Alabama, under AFWL direction.

4



DESIGN CRITERIA H IEST' DIHEý,T TEST FACILITIES

jCrityria 11IANE'UC I IIA14DEC 11

1.. Dooliqu 1%1rico AWL_ Contract ar

2. 'Iuio [cactlity -. 60 [eec wide x 90 feet wide x
1'l~a n 1)imnenioil 40 [eet long 60 feet long

3. Tout Uocil!Ly - 6 feteL 5 fe
Heighrt 'FouL !ied
Floor Lu Bot.Loit
of 13a.Mijiv

4. "Eurcharcjo Loading 3000 Put '2000 puf .1
100 put - 100 pHL

Approxivi~~tco Iloiyht 30 toot 20 teet

5. Touit Fmcility - One-toot thlick one-foot thick
Walla reintoL-ctd reintCorCed

Concrete concrete

6 . c.;i1dc0i,, 5Lu(:Lur~rl utuel. Structural sjteel

7. columno Structural Biteal Structural ateel.

Lt. 131 acinq bttUCtUrbl SLOOJ. SLructural steel

(0. Doci' CKI[v Lool - conatio~r-. Steel - covu~ner-
cinil~y Availablc ciolly Ivailable

10). blarv, Cunti1,uratLQr1 11aiyht Qr thce rulr- Heoight of tho our-
charyu by 30 toot. charge by 30 feet
*i410r, at tho top wido at, the top,
With L51do uilc-pi With uldo tslope
or I. toot vox- ot I toot. ver-
tic-I'l to 1 1/2 ti--a]. to 1 1/2
foot horizontal foot horizontal

11. IDui r Uui'ijp3ýLluli 9, pji'JuutiL of. 9ý potcutn of
nuditiud ; Mdiu uditiod AAI!Lvo



Criteria HAND;ýC I HA14DEC I!

12. Bearing for Rock test bed Rock tes. bed
Enclosure Wall
& Stru;ctural

Steel Columns

13. Columns over 7est Oniit nuts on Oqit nuts on

Structures anclhor bolts anc['u bolLs

14. Letonating Cord Government- Government-
furnished furnished
400 grain per 400 grain per
foot foot

15. Detonating Cori Wood racks Wood racks
Mounting

16. Peak Overpressure 6000 psi 3000 psi

17. Weapon SE.uluted 10 megaton 1.5 megaton

18. Weave Angle 530 360

19. Detonating Cord 340,000 feet 380,000 feet
(Approximately)

20. Number of Layers of 9 5
Racks Initalled
in the Cavity

21. Planewave Generator 8 12
Penetrations in
Concrete Wall

22. Instrumentation AFWL Provided by AFWL
Plan to the contractor

for inclusion in
the final desicgn
plans at the time
of initiation of
design

23. Trenching Plan AFWL Provided by AFvWL
to the contractor
for inclusion in
the final design
plans at the time

of initiation Of

design

i6



Criteria HANDEC I H ANDC iI

24. Cable Protection AFWL Provided by AFWL

System 
to the contractor
for inclusion in
the final design
plans at the time
of initiation of
design

25. Metal Storage None 40 feet by 100

Building 
feet metal
storage building
with interior
lighting and
doors at each end

26. Secondary Elec- Performed by Secondary distri-

trical System AFWL bution system
for electrical
power to supply
all instrumenta-
tion trdiler and
utility require-
ments

Extension 0'
electrica'l 208
and/or '2C ;rm0
pow,.er f;:em !•
rain po",,er
to five vutPI•i¢,
areas

7
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HANDEC I DESIGN PHiLOSOPHY

Because of the teii.porary nature of this facility, the

following design criteria were used for the HANDEC I test

facility designed by the Air Force Weapons Laboratory, Civil

Engineering Branch, Kirtlaud Air Force Base, New Mexico.

(i) Plastic design for steel beams with a !oad factor

of 1.25.

(2) Elastic design for columns.

(3) Ultimate strength design for reinforced concrete

with a load factor of 1.0.

(4) ElzstAýc design for steel deck dnd subdeck.

All vertical and lateral loads were assumed to be uniforr

over and around the entire structure.

Footings were not required under columns because the

bearing capacity of the rock was adequate to support the loads.

Columns were dry-packed on the rock base. Lateral coaimn

support was obtained by anchor bolts drilled and grouted

•irectly into the rock as shown on Figure 72. Base plate

thickness required by design was 1 3/8 of an inch. Column

design by the elastic method required 6-inch wide flznge 23

pound c'jIumn:3.

Beam design lengths were based on a 4-span condition

(31 feet - 0 inch). Splice points were locdted over columns.

Beam design required fourLeen wide fl.ange 30 pound beams, as

6hown on Figure 72.

.ubdecking was supported on the lower flanges of the

beas:tt to provide a srooth cl] in',; in the cavity. Twenty-four

gage corrutborm wau uued as shown by Figure 72. Fourteen Inchea

U
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of earth fill was then placed over the subdecking to permit

welding structural decking to the structural steel frame.

Roofdeck design was based on a minimum deck length of

12 feet (3 span lengths). Elastic analysis was used for
design.

Perimeter wall construction was reinfurced concrete and
designed to support lateral loads. Walls spanned vertically

from the test bed floor to a bond beam at the top as shown
on Figure 72. The lateral reaction at the bottom of the
wall was resisted by friction and the No. 9 dowels on 3-foot

centers drilled into the rock as shown on Figure 72.



HANDEC II DESIGN PHILOSOPHY

Because of the temporary nature of this facility, con-

servatism in design was not desired. The requirement was to

design a structure that would be just adequate to support the

imposed loads with a reasonable factor of safety against

failure. The statement of work specified design would be by

the plastic analysis method and that design in accordance

with standard building codes was not required.

The following design criteria were used for the HANDEC II

test facility:

(1) Plastic design for steel beams with a load factor

of 1.25.

(2) Elastic design for columns.

(3) Ultimate strength design for reiforced concrete

with a load factor of 1.0.

(4) Elastic design foi. steel deck and subdeck.

(5) A 25 percent increase over the allowable AISC values

for high strength bolted connections and a 50

percent increase over the allowable uniform building

code values for shear on anchor bolts.

All vertical and lateral loads were assumed to be uniform

over and around the entire structure. Unbalanced vertical

loads were not considered. The plastic analysis of continuous

beams does not require the usual "checkerboard" loading of

spans, since the load-carrying capacity of any one span is not

a f':nction of the load on adjacent spans.

To expedite erection, one-bolt connections were used on

double angle struts as shown on Figure 92. The roofdeck was

welded to the steel beams by the "MIG Inert Semi- Automatic

process" employing the "burn-through" method, All structural-

steel connections were bolted to minimize field welding.

I0



Footings were not required under columns because the

bearing capacity of the rock was sufficient to support the
loads imposed. Therefore, columns were dry-packed directly

to the rock floor. These columns were supported laterally by

anchor bolts drilled and grouted directly into tie rock.

Base plate thickness required by design was much less
than that used, based on an allowable rock bearing pressure

of 1.0,000 psi. In the exercise of engineering judgment,
however, a minimum thickness of three-quarters of an inch was
used based on a maximum bending stress of 36,000 pounds per
square inch, the yield stress of A-36 steel.

Column design was most economical when based on the

elastic method because the unsupported column length was so

small. Plastic design would have required a thicker flange
than elastic design because of the flange width-to-thickness

requirements of plastic design which should be equal 'o or less
than 17. Actual flange width to thickhness used with e istic
design was 22. Because the test bed floor was not level, a

survey was required to determine the floor elevation at each
column location.

Beam design lengths were based on a 4-span condition
(30 feet - 0 inch). Splice points were located over coluns
in order to avoid complicated moment connections. Strut action

was relatively small and did not reduce the plastic moment
capacity of the section. Also, the two-bolt connection at the

splice was sufficient to transfer the lateral load through the

cap plate (see Figure 92); therefore, beam continuity was not
required. Compression flanges were supported laterally at
plastic moment locations by the roofdeck at mid-span, and by
the double angle struts and stiffeners at the columns, Bearm
stiffeners at the columns were required in plastic design



because the section proposed fell Just short of the flange

width to thickness requirements. However, the beam stiffeners

did serve other functions, such as transferring the double

angle strut load and preventing lateral beam roll when placing

fill over the subdeck and surcharge over the decking. The

plastic failure mechanism in this design analysis is the

development of plastic hinges at the first interior support

and at a distance of 3.41 feet from the end support. Maximum

shear occurs at the exterior side of the first i.nterior support

as shown on Figure 1. At this location, the web shear capa-

city of the unreinforced section is reached prior to the full
development of both plastic hinges. Neglecting the web

doubler plates (stiffeners) at the supports, the factor of

safety in shear would have been only 1.14. It was decided that

this was too low and the section was reinforced at these criti-

cal shear locations by web doublers as shown on Figure 92.
This increased the factor of safety to a desired 1.25.

The subdeck was supported on the lower flanges of the

beams to provide a flush smooth ceiling in the cavity and to

provide support for the earth fill shielding the HEST explo-
sive from welding operations on the structural deck. No
connections were provided at supports, as shown by Figure 92.

Ten-inch earth fill was then added and proved adequate pro-

tection for the detonating cord underneath during the welding

of the roofdeck to the structural steel beams.

Roofdeck design was based on a minimum deck length of

5-spans or 20 feet. Elastic analysis indicated that web

crippling at supports was the governing factor i design.

Design in this area was according to the A-SI, , h the allowa-

ble b3nding stress equal to the yield stress of thI":! material.
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Double angle struts were used to simplify the end connec-

tiorns (one hiqh-strenzth bolt in double shear). Althoucrh

one-bolt connections aie normally avoided, it was considered

Justified because of the temporary nature of the structure.
.11 higg-St•,ength 1-03t were dtSi,•tUJ OS __I _u. - - Lype tu
4n . A. LI.L U~i. I' JI &2iL ýtL e.~ U ILI.LULUU y e L

eliminate cumulative tolerances so that rigid lateral support
was attained for the inflexible concrete perimeter wall as

shown on Figure 92.

A reinforced concrete perimeter wall !-foot thick was

more than adequate to support lateral loads. Reinforcing was

kept to a minimum by using ultimate strength design. The

walls spanned vertically from the test bed floor to a bond
beam at the top, which was supported laterally at the north

and south by the main steel beams, and at the east and west

by the double angle struts as shown on Figure 89. The lateral

reaction at the bottom of the wall was resisted by friction
and No. 7 dowels spaced on 3-foot centers drilled into the rock

as shown on Figure 92.
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SECTION IV

DESTGN .frRV!RF_ PF.RI.Q)Rmb
HANgE C I

Drawings and specifications were provided by AI'W1, for

a test facility conforming to the following criteria aid

requirements:

I. The test bed consisted of a cavity 60 feet wide by

40 feet long with an interior height of 6 feet trom the test

bed floor to the bottom of eupport bcams and subdecking.

2. The structure was required to support 30 feet of

earth surcharge at 100 pounds per cubic foot, and was designed

for a total load of 3000 pounds per square foot. Lateral loaus

were based on an active earth pressure of 40 poundr; per cubic

foot equivalent fluid pressure.

3. The test. facility was designed with a 1-foot-thick

reinforced concrete perimeter wall, steel beams, columns,

bracing, roofdeck and subdeck. The corners of the perimeter

walls were rounded to a 6-foot radius.

4. Surcharge and berm configuration were as shown on

the drawings. (See Appendix III).

5. The cavity was tilled with approximately 340,000

feet nf 400 arnIn per foot detonatina rord- Thp dAtnnatina

cord (Government-furnished) was wrapped on wood racks at the

specified weave angle of 53 degrees and installed in the

cavity in nine layers. Drawings included rack and installation

details. The perimeter wall and earth berm had eight 1-inch

diameter plastic pipe penetrations for a planewave generator

as shown on Figures 72 and 76.

15
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6. Two surcharge dispersal cannisters were used. Charges

were Government-furnished and Government-installed ammonium

nitrate cannisters.

7. The instrumentation locations were incorporated into

the final design drawings. All instrumentation was procured

and installed by AFWL/WLCD and AFSWC technicians and the

E. H. Wang Civil Engineering Research Facility.

8. A trenching plan and cable protective system was

provided.

9. An area excavation plan ihowing existing grades and

rock elevations on a 4 foot by 7 feet - 6 inches grid was

provided.

10. An area excavation plan for the test structures and

their dimensions within the test bed was provided.

11. Plans were provided for additional bays for the

, instrumentation trailer protective structure.

12. Preliminary and final specifications were prepared

in normal construction specification format.

1'-6
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A .TheU Lestý bed coniste~d ot a cavit-y 90 teet wide by
UO teat lutay with an I ntearior height of)' 5 feet froin the testI

Leou L bu Luf U1 t r .upporL bearý,t;.

'ilte, oveipten;Lsure_ zuppznL ntru'Jtuxe was required to

suppo.rt 210 feet a] earth !;urch~irye(_ )t 100 pounds rer cubic

footL, and w;,s designed tor a tLotal loed of 2100 pounds per

bquare toot. Lateral loaids were based on an active earth

prOsUUULe ot 40 pounds per cubic toot equivalent fluxd pressure.11 3.The LezA. facility iwas designed with 1-toot--thick
rein, or ceid c.oncrete perimteu~r wall, steel. beamis, coluri-ns,

bracin'j, rooldetck and subdock0  The corners of the perimeter

walls we-re rounded to a 6-foot radius.

'I. Surchaýrge and ber-m configuration for the [jE5T and

LtI•JIwaro no 3howni on Ube drawings. (See Appendix IV).

'. The cavity won tilled with approximately 380,000 feet

ot 400 grain pur root detonating cord. The detonating cord

(uove(jrnnietnt-tfurriiiuhed) wis wrapped cii wood racks at a specified
wi-avo angjle of 36 degree& and installed in the cavity in five

layers. Dx awirly3., includi~ed rack and Ins.tallation details. The

per Yiwete-L wol 1.i nu earth burin had twelve 1-inch diameterI. ~plaittic pipe penetrationo tor the planewave generator. 1
u. ThreILI2 tULCLOJa.94u diap;ersal cannistorz; w-ere useu..

Chaýrgeu were (Jovernmrrient-urniuhed, Governrmentt- instalIled

awitioniuvi niit rz0t cainniutl.eru.

7. J'hoiutriiuai locutions provided by AIYWL werel-

ir,:icor pxat-ed Ititu tube final design d~rawings. Al's. instrumenta-

tion waLs piocured aind inst~allud by technicians fromu AFWL, AVSWC

and thu E. HL. Wang Civil1 Lngineerlny itesearcn tacrilt.y.



B. A trenching plan atd cable protective system was

provided for both surface and buried pipe.

9. A test bed plan showing existing natural grades and

rock elevations on a 15 by 15 foot grid was provided.

10. A!i area excavation plan showing dimensions of the IN
test structures within, the tcýt bed was provided.

11. Preliminary and final specifications were prepared

in normal construction specification format.

12. A pre-fabricated metal storage building 40 feet by

100 feet with interior lighting was designed.

13. A secondary electrical distribution system was

designed for electrical power to supply all instrumentation

trailer and utility requirements.

14. Extension of electrical service provided by AFW.

on HAt-DEC I was designed for five outlying areas: (1) con-

struction yard, (2) location of test bed construction for

both tests, (3) explosive storage area, (4) detonating cord

wrapping area, (5) the pre-fabricated metal storage building.

15. Flood lighting was designed for the following

locations in the number indicatea:

a. Trailer Shelter - 4 each (permanent).

b. Explosive Storage Area - 4 each (permanent).

c. Detonating Cord Wrapping Area - 2 each (permanent).

d. Test Facility - 4 each (portable).

e. Pre-Fab Storage Building - I each (permanent).

Flood lights were furnished by the Government.

18



16. Lightning protective systems for the following

areas wete designed as shown on Figure 105.

a, HANDEC I Test Area.

b. HANDEC II Test Area.

co Detonating Cord Rack Storage Area.

d. Explosive Storage Area.

4.



SLCTION, V

CONS KJC'JION VAý"K5 1'Ll 'RFO!11D I'OR liAIULC I JXNV) 11

I1he coritractui provit'2~d all p142!L, ld21uz, euip-tentl- and

rnate; Lals (exc'ept. thofiC Hipulat~ed ait) GuvLurnn~nL-Luxrnishei2L

to pert vim the followltq corijULrUCtion tL.nkuz

1. Grading and excavation no required for t~he teat, beds.

2. Fvrtilshin'g all t~ructural rinL.orialuz and 1:he ccr)-

struction of thO teet faCiliti-10 it- AlCCordafnco Withi Lhn
drawings shown in Appendicaii 111. an IV.

I.PlAcirkg the niurch-iryu on, ark]i puilo±iotj 't~ bL r'iti

around, the ten~t fcilriu..

4. FurnishinyI .I.rid nm.1nni.1iria tho plnrzt-ic irri~at~ion pip5ea

throiugh the wnlI. ~nor I.h lr-or~i tot pIOLatution lonuii -.o tho
pltnewave generat~or.

5,. Furni.tshiri'.j al .1 it.atcz 1n).r. rurill cunntiuctin'j thue cxpirovive

rticks, w~rapping t-1w UUP~t tj i 'T tho racku wi4 ±;.vtallat.g

6. FU1?oitlihTj nil riLdJL J.nl. Am]4 aC~triLrUctnifj ni, *rXplu61vo

rack oupport nyaioem.

3-nt th emL m' Lan dist~a~ili-" t Lho di.awiti'ji.

B. LucaL Inij th Iai, t'mnutiun ii1 ntl. s#t'ucl'.lutf Inf 'At'O Leut.

9. 1., U II lpV t.," A. 11 na t i 11 )n) nti ' i fii V u rL.1 i j t t- l[WI1,

int~sru'I'(vtot.J',Jt) caLLu prcjLvu'J-tIC. tsyaL~uii Omb dcot~alv (i

F ~10. I((mU1jV i j al) 1 1 1W k I11.1 t.~y I I1 114( I ~Uztofi uIlml) £d10 LC*ut I

itXUCLUrl'U flit 401iwt, 01 1~a Wjdý,1iJ~l Ut 'uwtliN QXUJ~.L 019 uIIrW.¶)g



11. Furnishiiig all material and constructing the ..

resarh tstmc'' -epprt an.1 tý te.ýt strurtures in

accordance vith the design drawings and specification•s,"

12. Filling of all instiLrumerntation cable trenc•,es with

a 15 to 18 inch sarnd cushion in the trench bottco and pro-

vidin; a 3000 psi ccn.,rete cap to the level of the test bee-.

13. Constructing a 6 bay instrumentetion trailer shelter

and berm.

14. Constructing a 40 foot by 100 foot pre-fabricated

storage building.

15. Furnishing all rtterial and fabricating four sheet-

metal targets.

16. Furnishing ail material and constructing four light-

ning protective systems, one at bo'h test facilities, one

at the explosives area, and one at the rack storage area,

17. Constructing an explosive strrage bunker in accord-

ance with AFWL drawings.

1.. Grading, eoxmpacting and constructing necessary

drainage of local accesL roads to all storage, construction

and work areas. The tubal length o0 all access roads wws to

be approximately 0,000 feet acc-rdi:,g tc the statement of

work.

19. Furnishing all necessary snow removal of all roads

within the AFWL test site during the terai of the contract.

20. Constructing the secondary uistribution -systern for

electrical power needed to supply all instrumentation trailer

and utiiity requirements.

21- H:_nckina up and phascing of the instru:itentation

trailers with the isolation transformners.
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22. Ex*..en'ain' elect.rtcal power 208 and/or 120 vrms

23. Furnishing all material and labcr -o Jnstall light-

4ývj in the pre -faricated buildiiq.

24. ITrtallinq all flood lqzhts in acccrdan:e with the

ten oi work.

25. Penovating the test site after the completion of

t.ach test. Site renovation included the following:

a. Removal of the surcharge and debris from

the entire test bed.

b. Removal of 125 linear feet of concrete cap

from the cable protective trenches on the

HANDEC I1 test bed.

26. Furnishing all labor and equipment for removal ot

a1l debris from both test sites.

27. Removing all test closures from HAMtDE2 I and

,4ANDLC 1: tr, AFWL inapection.

28. Furnishing and irA3ta'tling a four-strand bazbed w-re

Vnce airound both test beds after the test event..

* 2C. Providing all necessary office facilities at the

, tnt site for contractor personnel in mobile vans..

'0. 1'tc•'iiirjq chemical toi.let• arid drankiqg water to.r

F4r force and co:struct•on personnel.

22I
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SECTION VI

CONSTRUCTION MLETHODS

The following i• a listing and description of some of

the unique construction procedures employed by the contractor

to expedite con.t-ccion and maintain the tight scedu.

Throughout the entire pro-ect, time was economized and in

some instances, productioi, line methods were devised to achieve

uniformity in construction and to minimize human error.

i. DETONRTING CORD CUTTING AND SEALING

Detcnating cords were cut three Tt a time with a paper

shear and then the cut ends %,ere dipped into hot wax

to seal them. This eliminated placing caps on or taping

the ends of cord.

2. DETONATING CORD RACK FABRICATION

* All deton&ting cord rack members were cut to length and

spacing blocks were stapled thereon in the contractor's

shop in Cedar City. This enabled work to be performed

inside during inclement winter weather conditions. RacKs

were then del.ivered to the job site for assembly, wrap-

ping and final installation into the test ibed.

3. DETONATING CORD RACK ASSEMBLY AMD INSTALLATION

* . •, ,fter r-dividual racks wexe wrapped with detonating cord,

they were placed on wooden support racks to make up

assemblies of the required number of layers. Once this

' op-ration w~s complete, al). vertical ties were mace between

* racks and the planewave generator distributio., panels were
connected, leaving only the horizzonta). ties to be made

, inside the test bed. Rack assemblies were then transported
.o 'bhe test faciLity with a for klift. dnd lowered into

23
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positton with a cr-ane. However, with this method, steel

beams cannot be placed until detonatinV cor,] -s placeJ

Jri the. test cav•ty.

4. PLACLmlNT OF SUBDECK FILL1

Sub.eck fi ll wa2 place, w.ith n crai;a and b1cket. Thnii

was possible since the plan dimen:iJonu of both the VAUDEC

I and HANDEC II tesL bedb were relatively atnall.

5. ROOFDECK WELDING

All ot the roofdeck was welded to the support bewms by

the "MIG Inert Gas Welding" pt.ocess, This is a machine

welding process whereby puddle welding is autonatically

achieved with a welding "gut,." A preset tinter insures

uniform welds. The "burn-tharu" method wes employed, which

allows welding in any location because tests cooducted on

the ROCKTEST I project demonstrat-ed thet pre-punched holes

are unnecessary. This process has proved a.atisfactory

becaus. bcch fabrication costs and welding tir.n were

minimized. Secti'zna cit through tert welds showed co.xplete

penetraticn ueing this technlque cn the ROC1,rEST 1 project,

6. TRENCH EXCAVATION

Numerous tests were conducted to determine the best naethod

for blasting instrumentati trenches. After experimerita--

tion at the Cedar City tes, sitea the contractor found that

400 araln iet-n nr;ng crd cpaced in 2- 2/4 iticuh b oiea on 1

foot centers each side of trenches produced the best method

for trench e.cavation. (Corps of Engine'ers drilled the

centerline of these trenches with 6-inch relief holes, side

zy side.) See Figure 2.
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7. DACKPACKED SILO

Altnough only one steel liner was shown on the drawings,

the contractor provided a steel shvll on both sides of

the reinforced concrete wall for the lined baclpacked

silo aq shown on Figure 51. Reinforcing steel was placed

on the inner liner atid then the outside shell was placed

and the concrete poured. The entice silo was then lAifted

into the rock cavity by use of a crane and backpacking

material was applied between rock an3 outer steel shell,

CERF personnel applied a low density foam concrete back-

packing material as shown on Figures 55 and 56, between

the outer 6t,001 liner and the rock.

I2



a
SECTION VII

CONSTRUCT1ON PROBLLM6

Following is a surmary listing of problems encountered

during construction and a descript ion of the solutions that

were apolied

1. The cable protection trenuhes had to be left open

until nearly the end of construction period because of

instrumentation. This delay caused the construction con-

tractor to hang steel columns to the beams supportz-1 by the

walls in order to locate anchor bolt positions so that holes

for base plates could be located and drilled. Beams then had

to be removed in order to place detonating cord rack assemblies

after fabrication. Detonating cord racks were then placed ard

subsequently the structural steel was reset.ai
2. The HANDEC II lined and lined-backpacked silos were

line drilled around their perimeter with 6 inch holes. The

initial drilling for the lined silo provided too small a

diameter at the botton of the silo because the Covernment-p-o-

vided drill holes (drilled by COE) deviated from true vertical

with depth. (See Figures 45 and 46.) This silo had to be

enlarged by chipping with pavement breakers and drilling and

shooting with 400 grain detonating cord. This problem can

bL .... by d"illing , ih a cc• h&rrp the same diameter as

the silo (Cal'x Method).

3, Due tco safety requirements, tne detonating cord racks

for HAN/DEC II had to be moved and relocated because of the

proximity of the HAWNDEC I test to the rack storage area.

27
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4. Extreme difficulty was experienceu on HANCEC I in

fitting the detonatin; cord racks and rack ruppo-ts between

rn],imns ;ind into the cavity, 'The explo.aive density necessary

to obtain the pressures desired from the test, coupled with

sympathetic detonationi minimjm separation requirements, made

the HAiNDC i design approach the limit for detonating cord aensity

attainable in a HIEST facility. if higher pressures and other

simulation effects ot nuclear weapons art, desired in the future,

alternate methods to replace atmospheric detonation of detona-

ting cor:d will have to be developed to meet these requirements.

5. Problems developed on the HANDEC II structures

which were fabiicated for the contractor by Arerican Bridge.

Silo closure bearing rings were not level and several model

structures had the top bearing ring spliced and welded in

violation of the design drawings. AFWL HANDEC II drawings,

however, did not specify the bearing surface toleranc-.s which

were desired. (See Figures 47 and 48.) This had not be.en spe-

cified before on the ROCKTEST I test and satisfactory structures

were obtained. The contractor, through AFWL, returned these

structures and models to American Bridge for correction. This

problem delayed instrumentation installation and the contractor

while American Bridge made the necessary corrections to these

structures.

6. Detonating cord rack supports for HANDEC I (see

Figure 75) were redesigned by the contractor for better

structural support. Dowels and 2 by 2 im.ch lumber were elimi-

nated, thereby requiring fewer piece parts and less labor

during assembly. (See Figure 3.)
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7. Trouile was experienced on site with the three wire

number 4-0 aluminum direct burial insulation cable providing

480 volt electrical service to the outlying construction

areas. Tt.se cables were installed under the HANDEC I portion

of the electrical work. Power was lost directly to ground and

the contraccor burned out numerous small power tools due to
lack of sufficient power.

8. Although not a construction problem as such, on test

event day during removal of vehicles and construction equip-

ment in preparation for the HANDEC II test event, a COE rig

drove into the primary power supply downing one wire and

knocking out power to instruientation trailers and site at

T - 2 1/2 hours. This caused a four hour delay in the test

and the countdown had to be restarted. This delayed the

contractor from returning construction equipment and crews

until the next day.

9. The contractor was delayed by the Government for

the following reascns:

a. AFWL was conducting a series of sixteen

experiments named 'Merry-Go-Round II" on site

to determine the following:

(1) Exact type of explosive to be used for

the DIHEST portion of HANDEC I and

HANDEC II tests.

(2) Dti~a,,.c bhvc•;k propagation character stics

of the in situ rock.

(3) Effects of various explosive-to-rock

coupling techiiques on free field stress

wave forms generated in this type rock.

(4) Instrumentation function in this rock

under shock loading.
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These sixteen experiments, conducted in thirty days,

caused the contractor delays because construction equipment

and personnel had to be mov'ed for safety requirements during

these testb.

b. Once an explosive had been chosen, AFWL conducted
the DATEX I Experiment to give turther infornia- I
tion needed for the FAINDEC I test.

c. After completion of the HANDEC I test, AFWL

conducted DATEX II to provide data necessary

for the FAMEC II DIHEST requirements.

d. Instrumentation procurement and installation

delayed the contractor from meeting the schedule

originally required by the statement of work.

The contractor had to hold his construction

personnel on a standby basis to complete theproject.

10. During construction of the HANDEC II dLýST facility

structure, a fabrication error occurred. Design drawitngs

specified beams to be spliced at 30 feet - 0 inch o.c.

Structural steel beams were delivered to the test site in

46 feet - 0 inch lengths. A structural design check by AF&L
personnel revealed that greater structural continuity would be

obtained with the longer beams and only one splice point at the

center line of the structure. Web doubler plates were welded

to the beam webs at the first interior support each side of

the splice to toke the c:itical shear loads. This avolded

returning the structural steel to the fabricator fox curr etoon

and prevented loss of construction time.
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SECTION VIII

CONCLUSIONS AND RECOP1E?,'1 S

Based on the problems encountered and j'qrrv>• gained

on this project, the following concivonc a1iJ :andations

are made for application to similar 'z that -may .bc

undertaken in the f.1ture.

1. Structural Concept Study

If HEST and DIHEST testing is to be co 5n•._'J i4 tbe future

over increasing larger areas, it is recommendtvc th'w ztructural

design concepts and trade-off studies be perforn!. zf to determine

the optimum and most economical structural fcdmf<i' system for

these facilities compatible wtth new explosive techni.ques which

may be developed for future HEST and DIHEST projerts. For

example, an alternate framing method would be t<% pour high-early

strength concrete directly over the subdecking now used, thereby

eliminating the steel strut angles between beams and their high

strength bolted connections plus the cost of the structural

steel decking. Additional savings trom use of this technique

would be realized from labor saved by steel erection, the

elimination of earth fill between both decks and the installa-

tion and welding of the structural deck now used to brace the

steel beams and support the surcharge. These savings coupled

with the fact that competent, efficient iron workers are scarce

in remote test site areas should prove to be a significant

cost saving to the government.

Unlike design of structures to resist usual loads, wherein

most design stresses remain well under the yield point of

materials, economy in design of HEST-DIHEST facilities diccates

that they sustain as much deformation as can be allowed within

their ability to perform the function of a "temporary structurn-"

in accordance with Air Force Design Manual 88-3, utilizing

plastic or ultimate strength design methods.
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Other building materials and construction methods should

be studied to obtain an ideal structural module, in an attempt

to eliminate some of the 4tiy-j colum.ns and .... ....

for these structures. Composite design and precast, prestressed 'U
and reinforced concrete construction shc-ul'. be investigated.

Construction cost estimates should be included with this study.

Once such a study has beau completed and several alternate

conceptc have been selected, actual field loading of these

facilities to failure sho'Ald be conducted to further correlate A

design with failure modes. This will enable the structural

designer to verify ultimate load, determine the mod- cr failure

and provide a suitable safety factor for much large. •,a.wue

facilities. s.

2. Test Site Survey

The entire test site should be surveyed by a competent

ragistered civil engineer or licensed land surveyor prior to

any work on the tf-7L si4e. Depending on site location and

local terrain, clearing the test site of trees and brush might

be the initial consideration. 1:rawings at a suitable scale

should be provided to show the following:

a. Limits of government property or test site.

b. Existing natural contours at 5-foot intervals.

c. Location of test bed giving rock and soil elevationis

at a apecified grid.

0. Location of existing bench marks..

e. Provision and location of additional markers which

cannot be destroyed by construction equiptent or

the test event.
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Once this survey is completed the entire test site should

be planned for:

a. Necessary roads

b. Contractor construction yard

c. Soil borrow location

d. Water storage

e. Temporary structures

f. Parking area

g. Trailer area

h. Material storage area

±6 Lighting and power polcs

x .aecurity

k. Explosive storage area

1. Explosive buildings

m, Detonatina co:rd storage area

n. Instrumentation protective trailer structure

o. Metal bunkers for instrumentation

p. Concrete batch plant

q. Corps of Engineers construction yard if applicable

r. Camera towers

s. Lightning protection

3. Portable Materials Testinqg Laboratory

An agency of the Air Force shoud .i..A

modern portable materials testing laboratory and train or

obtain qualified personnel to operate •ch a facility for

future governmental. projects of this nature. Such a facility
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would enable the government to verify quickly the compliance

with specification of building materials a; they arrive on a

test site. Test data delays could be avoided by early action

should a prcduct not conform to the requirements of the design

specifications. This portable laboratory should contain a

complete set of Military Standard specifications and ASTM

specifications. The laboratory should be capable of testing

concrete, structural steel, reinforcing steel, steel decking,
bolts, high strength bolts, inserts, etc. The Air Force

testing agency should then provide the contractor and necessary

Air Force personnel with a written report within twenty-four

hours containing the results of the tests performed, and their

compliance with job specifications,

4. Camera Tower

One camera tower and the high speec came• .... z.ta1

.thereon, located 460 feet from the KANDEC 17 t!st.d, was

sevevely damaged and brought down by the HANDEC 1I test event

flying debris an6. ground shock. The high speed cameras (1500

frames per second) were located at this range in order to

photograph the one-inch line markers on the targets placed
atop the surcharge during the test. See Figure 93. Damage to

the cameras and their protective cases was estimated at
$7,000.00. The tower was a rented type scaffolding, guyed by
wire, at several locations. Although the cameras were damaged,

the necessary photography was obtained from the test.

The AFWL should investigate the use of wider markers on

these targets in order to locate camera towers at a greater

distance on future tests to avoid additional costs to the

government, provided all technical data requirements can still

be obtained.
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3. 1rilInc' SIVVile S

Sevujr~ll -ce: L facilitiez- -have been constr .c-ted in lo(-k

sites and t-x-oible has been experienced on each project with

govt-rnn'ert :hi.l1 crews beino; uuable to dri'.l within dimensions

and j3cac~reouired by plans and spz-cificatloas. Thezefore,

it is recoirxnen&.f-d to aviold recurrence of this sa.-ce problem on

f~uture pxoje~l.--*ýi Uha a s-iu~y aivL test dzrillinig inud c-cvto

programn be conduczed by a cen:-ultitig engineer, :onti,ýctcr, or

the ccverrnment to comp~are drilling methtods, dtillin~g tolerances,

anid excavation techaiques, time and costs vith those now being

used.

6. Electrical Power

Direct burial. cable to the H-ANtDEC I test bedý and cutliyn rg

areas ats shown on Figures 65 and 86 gave urisatisfactoty power

at theac Iccations. The combination of wire aizr used for the

dJ~stanceE requ.L.re~d with the direct burial of tne wire gzavrý

excesvive electrical loss directly to grouril. It :.a there-:'Ore

iecommencded for future tests a lic~ensed profassional. cleL.:trical

engineer provide all electrical deuign and That all .blectrical

wire be placed in either Rigid Steel. Conduir. mneetin~g FedeL-a?.

Specification WW-C-58'L or Plastic (PUC) Condi.it Fecderz~i

SpecitlcdLiori W-.C-1094.

7. Sh* it pe ctign

The L-#.)vpon~jib).e Air [orce oiýqc~rjixatlan ur dawiqn) a-Onc~y

ahoul.U provide Filup inlipect.ion by qlla~lfled 2.1,paction

J)4-L PILjririin J *IU~ r ri (I Lfit. 'L 4nLI C;6'- -'ý j~I ,It I.11i l C* . 'I . J~LL~& r. 3A I C' - . t ,

~n'I t~el JeJ('.iiaJ '10 OJuULe ojtiir~ with i. dc&Oq LorpwiryJL;

OPeV 1r1CaLiotirM 011 apJ.J'r-(Vved &-hQop UA-1n4Ju. Thlu wý11 Oali(,

quaawfivthL ~ou upplcr Mu'%' hel JP'--1VUy chaU1as



Three types of iristriamentation cable protective systerrs

wre t ::ed 2:n te ::E I and hi.NDC IIte~ts. They were

a. -cheu wi 0 steel pipe, pla 2 ed in arck orecha

shown hv'i etail I 4n F-1gure 96.

*c. chedule 8ýJ stee'. jpie, s-piit half with steel flanges4
~wslaed to tile pipe at 21-foat intarv~ls ior bolting

the two' piec'e'z ut pipe uith 3/0 inch bolts after the

instiutmcntaticrn ccble 'had beea ..nstalled. TPhis

system~ avfoids threaC~i.nq the s5teel pipe over the inutri1.-

ruenta¶.io: wiy-e L1adles, &a reyvired by a. and -D. ibove.

Th~re AFWL. technical. ý:cort on 'zest x-esultB sh,-ould evaluate

Inutruminetation x-esu).ta ,,iiii; t-he~e tbrxfe protective aysterns
to det~rminfte whý.ch syztenv Ws.vul' be vic-~d for fut-ure :-iEs'r-DIHEST
'tauving to provide t-he jroate~t cost navinq to tne Q;overnmarit.

Ftiture EWT-le~c i lhoia6 c6uiign and test other inecnods

a.thlwtxlpc-n vwith re of-3ccs- concrete co~er slab.

c. ýhallow tr.~nci, concrt4 nnc~ase and rein.~orced.I

*.Vaz1t'ur; typu4i4 oL* c.Aýjuo VlJ~h uo.,u Qf Lhiý
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9. As-Built Drarinas--

Minor instrumentation changes were mnade just- prior tc

loading the test, pits ,with detor.ating cord. Since these

it iF reconmended that future statements of work for similar

tesLs provide for rnkinq as-built drawings to reflect late

instrumentation, research structure or structural. changes to

provide the Government with a permanent construction record,

10. Schedule

The HANDEC I test event was originally scheduled to take

place 100 days after cDntiact award and the HANDEC iI test

was to be conducted 150 days after contiact award. Delays

were encountered on toth tests due to no fault of the construc-

tion contractor. Because of techuical requirements, an entire

series of twenty tests (including HANDEC I and I1) had to be

conducted in a very small area (less than 1.000 feet diameter).

All of the above testing tad an impact on the original state-

ment of work. Other delays encountered were in instrumenta-

tion procurement (since these are long lead time items) and

iustallation of instrumentation in structures and research

rnoels. Sti11l ar;ot'her factor which had s-ome impact on the

schedule was that during construction of these projects, the

cuntr&ctor was contracted to clean the ROCKTEST Il test bed

for visual inspection and photographic coverage by the Air Force

from work performed. by a previous AL'WL contractor. AFWL then

con';ra.ted wit:i the contractor to lower the ROCKTEST Il test
bjre approximately seven teet i.n an attempt to obtain a more

1.zvel tvat bed for tne eurcharge support structure. All of the

ab-ve Itoms do)aye'J tne conutructiofi contractor. 1LANDEC I was

complotLd in 16 dayt; otter conLract. aw'xd aind ]ANDLIC Ii
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an additional 56 days, and HANDEC II required an additional.

62 days. Considering the number of tests performed by AFWL in

such a short period of time, it appears that thp dellaq en-

countered were jtstifiabLe since much of the construction was

performed in the winter months during inclement weather.

[I I.-
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APPENDIX I

RESUME OF BI-WEEKLY PROGRESS LETTERS

During the contractual period of performance, hi-weekly

progress letters were submitted to the AFWL Project Office

and AFSWC Procurement Division by the contractor. These

reports provided a summary of the project. status with respect
to schediule, problem areas, trips: meetings, conferences and

program funding.

The contents of each of the hi-weekly letters are

summarized below to provide a chronological account of the

major events occurring during the performance of this project.

If mor2 detailed information is desired, reference should be

made to the specific progress let..er for the period concerned.

1. FIRST BI-WEEKLY PROGRESS LETTER (January 15, 1969 to

January 24, 1969)

a. Contractor Design Services for HANDEC II

Preliminary design, calculations, drawings and speci-

fications were in progress for HAIEC II in accordance with

the statement of work.

b. Contractor Construction Services for HANDEC I and II

The contractor commenced loading construction materials

and equipment froir their Albuquerque construction yard in

preparation for movement to the AFWL test site, Cedar City,

Utah. The first load of equipatert arrived oi site Jajauary 15,

1969. Orders were placed for structural steel for AFWL models

on HANDEC I and for structural steel, structural steel decking,
subdecking and rebar for the HANDEC I and HANDEC II HEST

facilities. The instrurentation trailer protective 3tructure

structural steel used on the ROCKTEST I test was trucked to

Lhe cauai City test .ite. T ........ a .I G .
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were fornied and grading anrd drilling at the HANDEC I site was

connemnced. Detonating -ord rack supports were redesigned for

bett.er structural support.
I

2. SECOND BI-WEEKLY PROGRESS LETTER (January 27, 1969 to

February 7, 1969)

a. Contractor Design 5Ervices for HANDEC II

Work continued on design drawings and specifications

for HANDEC II structure.

b. Contractor Construction Services for HANDEC I and II

Reinforcing for trailer shelter structure footings

and piers was placed and tied. Cold weather and snow hampered

construction activities requiring removal of steel from the

footings and snow from excavations. Concrete (24 yards) was

heated and po\'red for trailer structures. Drilling, blasting

and rock remov~l at the HANDEC I test bed continued. The test

bed was then cleaned with compressed air. Inspection and

further direction was request.:d by the contractor from AFWL

before proceeding further. Drilling and blasting for power

poles commenced. Another safety meeting was held on site

February 6, 1969.

3. THIRD BI-WEEKLY PROGRESS LETTER (February 8, 1969 to

February 21, 1969)

a. Contractor Design Services Zor HANDEC II

1rogress continued on design drawings and specifica-

tion for the HANDEC II facility. The design dzawing pacrage

consisted of eleven struritural drawings and six electrical
drawings.

b. Contractor Construction Services for HANDEC I and 11

Work continued on the trailer structure foundations
a-- d erection of qtructvi.A• @tael commenced. Trenches were
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opened and electric cables placed and backtilled. Work .k

continued maintaining roads and on additional access roads.

Work on the lightning protection system and lighting in this
area comn~enced. T-he Corpsý of Engineers conmenced peri-meter
driLling of the lined and unlined silos tor HANDEC 1. DrI)AIng

of explosive shot holes for the HANDEC 11 test bed began.

Chemical toilets for site were completed. The distance required

to bring water to the site was reasured.

4. FOURTH BI-WEEKLY FROGRESS LETTER (February 22, 1969 to

March 7, 1969)

a. Contractor Design Services foz HANDEC I1

Mi. Howard Taylor, Consulting Civil Engineer, delivercd

the preliminary submittal of 3esign plans and specifications

to Lt. Verc;nolle, AFWL, on site March 1, 1969.

b. Contractor Construction Services for HANDEC £ and 11

Construction was hampered due to weather conditions

and heavy snow, but the trailer shelter structure was completed

and construction was started on the detonating cord racks in

the contractor's shop located in Cedar City. Electric work

was completed except for lighting of the metal storags building.

Additional drilling and blasting was required due to the addi-

tion of free field instrumcntation holes tor both HIANDEC 1 ondir

HANDEC II. Structures 3, 4, 5 and 6 and free field instrumenta-

tion hole3 for Corps of Engiieers drilling on HANDEC I were

surveyed and excavation of the HANDEC II test bed was completeOd

A crane was operated for AFWL personnel photographic coverage.

Berntb were started for the trailer shaltor btruQLuro protecLion.
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5. FIFTH BI-WEEKLY PROGRESS LETTER (March 8,, 1969 to
March 21, 1969)

a. Contractor Design Services for HANDEC !I

Work continued on the HANDEC II facility design.
Corrections on preliminary plans and specifications were
expected soon from AFWL, so that the final denign submittal

could be made.

b. Contractor Construction Services for HANDEC I and II

Detonating cord rack and rack supports were completed
for HANDEC I and construction of racks for HANDEC II were
started. Foundations were formed, steel placed, concrete
poured and structural steel erected to complete the 40 by 100
foot metal storage building. Work was started on the trAiler
shelter earth berm. Water pipe was received and installed to
provide site with construction water. Shop fabrication was
started on the instrumentation cable protective system. Guard
shuicks were built and delivered to the site and a culvert under
the main access road to site was placed. A survey was made for
instrumentation trench locations on RANDEC I and the contractci
was requested to survey and clean the ROCKTEST II test bed.
Corps of Engineers drilled instrumentation holes in lined and
unlined silos on HANDEC I for instrumentation, started center-
line drilling for instrumentation trenches, and began drilling
silos ftr the HANDEC II structure.

6. SIXTH BI-WEEKLY PROGRESS LETTER (March 22, 1969 to
April 4, 1969)

a. Contractor Design Services for HANDEC II

Work on final design, calculations, drawi-ngs and
specifications continued. Final design submittal target date
was set for April 14, 1969.



b. Contractor Coistruction Services for HANDEl T and 11

Work continu d on che cleaninq of the ROCKTEST IT

test bed. Reinforcing on silos ar:d models was placed, struc-

tures were set in place for HAJDEC I and the specified

ccncrete for structur 0l th,-rough CO wao poured. The metal

storage building was completed for occupancy by the A±r Force.

Work continued on drilling and blasting for instrumentation

trenches on UANDEC I. Detonating cord racks were delivered

to the site while fdbrication of lumber for the HANDEC 11 test

continued in the contractor's shop. Wrapping the 400 grains

per foot detonating cord on fabricated racks was started,

transformers were set to complete the first phase of the

electrical work on site and thte explosive storage berms were

completed. The revetraent building materials for transformer

protection and cable Junctions was rec.eived on site. A con-

tractor's crane was u3ed for phb-toqgaphy of the ROC•I-EST II

test bed for AFWL. The Corps of Engineers started drilling

of perimeter hc]-es for the :ANDEC II structures, cable trench-es
and the free field holes.

7. SEVENTH BI-WEEKnLY PROOKESS LETTER (April 5, 1969 to

April 18, 1969)

a. Contractor Design Services for HANDEC 11

Final desigP, plans, specifications mu ca ý '.ictiou

vere submitted to AFWL on April 14, 1969. PlanE , -> if i-

cations were approved by C pr. Philip Madden on thiz date.

Final chronoflex drawings and specificetions were transmitted ,

.tq AFWL on April 25, 1969.

b. Contractor Construction Services for HANDEC I and 11

Wrapping of detonating cord racks for HANDEC 1 was

completed. Rebiir ?nd dowels were plaacd :,n"= -- ",orrt wa

J I
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were poured for the HANDEC I structure. Anchor bolts for
columns were drilled, set and grouted, columns and beams were
placed and base plates were dry-packed. The instrumentation
trench concrete cap was poured to specified strength. HANDEC

II work continued on chipping and cleaning rock from instrumen-

tation trenches. Placing and tying wall steel was begun on

HANDEC II, while detonating cord rack fabrication continued.
Lighting for metal storage building was completed and construc-

tion of revetments and earth overburden was started at eleven
locations. The ROCKTEST I! activity consisted of air blowing

the rock surface of the pit for photography by the Air Force
Weapons Laboratory.

8. EIGHTH BI-WEEKLY PROGRESS LETTER (April 21, 1969 to

May 2, 1969)

a. Contractor Construction Services for HANDEC I and II

Beams for HANDEC I were removed in order to allow CERF
to place instrumentation. Structures were cleaned of dirt and

w~ter caused by high winds and rain. Fabrication and installa-

tion of the hardened instrumentation cable protective system
was accomplished.

Work on HANDEC II consisted of drilling explosive holes,

loading and shooting trenches and structures. Rock removal

continued after each shot to clean trenches and silos. Deto-
nai'c.irg cord rack wrapping commenced. Rebar was tied directly
on steel shells. Structural steel arrived for HANDEC II.

Revetments were placed and constructed for the DATEX I test
firing system. AFWL moved four trailers into the trailer shel-

ter protective structure.
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9. NINTH BI-WEEKLY PROGRESS LETTER (May 5, 1969 to

May 16, 1969)

a. Contractor Construction Services for HANDEC I and II

Contractor activities on HANDEC I consisted of

placing closures over silos with crane, completing the instru-

mentation cable protective system and placing all detonating

cord racks in test bed by use of crane. All horizontal ties

for detonating cord and planewave generator details were

completed, beams, subdecking and decking completed and deck

was welded in accordance with design drawings. Berm and sur-

charge placement was commenced and revetments outside the berm

area for the DIHEST firing system were placed.

Activities for HANDEC II included drilling, shooting

and removing rock from silos which were drilled out of plumb

by the Corps of Engineers, wrapping racks and assembling them

on support racks. Rack construction was completed and racks

were covered with tarps on May 16, 1969.

10. TENTH BI-WEEKLY PROGRESS LETTER (May 17, 1969 to

May 30, 1969)

a. Contractor Construction Services for HANDEC I and II

Construction activities for HANDEC I consisted of

continuation of berm and surcharge placement, erection of

targets on surcharge, drilling of two surcharge dispersal holes,

locating and erecting two camera towers, blading observation

area for test event, and removing all equipment from site for

the HANDEC I test conducted on Thursday, May 29, 1969.

Construction continued on HANDEC II as follows:

Planewave distribution panels were assembled, instrumentation

cable protective system design was revised by AFWL, removal

of rock from all structures continued, borrow area was cleared,
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rebar an. rebar rats were placed for structures, steel liners

were keledd aid instrumi-entation holes located.

ii. ELEVENI'li D•i-'.LLKLY PKO.iSS LETTkR (June 2, 1969 to

June 13, 1969)

a. 'r CortsaructQon SriC:cS f.IT-
Construction tasks were the surcharge and berm

re:oval on HANDhC I, renoval of debris and clean up of test

bed on UAUDEC II caused by the HANDEC I shot, and removal of

all closures to: AFWL inspection.

HANDEC ii activities cvntinued with placing aowels,

wall forris and reinforcing steel for the exterior concrete

walls. Rebar placewent on structures continued. Structures

were placed, leveled, and concrete poured for structures 13,

14, 15, 16, 17, 18 and 19. The instrumentation cable pro-

tective system was fabricated. A revised trenching plan was

received from AFWL and five free field holes were drilled to

greater depth by the Corps of Engineers.

12. TWELFTH EI-WEEKLY PROGRESS LETTER (June 16, 1969 to

June 27, 1969)

a. Contractor Construction Services for HANDEC I and Ii

HANDEC 11 walls were formed, reinforced, poured and

fcrrms removed. Anchor bolts were drilled, set and grouted for

overpressure structure columns. AFWL silos, closures and
trenches were pcured. PDQ III test was conducted June 23, 1969

and all equip.ent reaove fro.% site. Beans and columns were

placed for the surcharge support ind CERF placed instrumenta-

t ion.
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13. THIRfELITHL I-;',EKL PKO.RE,53 L.L'T-R (June 30, 19G9 tc,
July 11, 1969)

a. Contractor Construction Services for IAAL'EC I and II

Work continue, to chip rock to open irstru:.entation

trenches. Coiumn setting ana cry-pacKlng continuea as cic

fabrication and installation of instrumeazion cable protec-

tive systea.. Contractor's crane and personnýel were used to

help AFWL and CERF place instruTmentation cahle in protective

pipe. Closures fro", the HA.NLC 1 test were moved to the

DkQEX II site.

14. FOURTEENTH BI-WEEKLY PROGRESS LETTER (July 12, 1969 to

July 25, 1969)

a. Contractor Construction Services for HANDEC I and II

Activities rc "ted ot coitinulng work on the instru-

mentation cable proiztlve system, backfilling the trenches

with sand and pouring the top concrete cap. Construction of

the berm was started for that portion that fell within the

ROCKTEST II rest bed. Detonating cord racks were placed into

the pit with a crane and horizontal ties were made. Lightning

protection p.les were placed and placement of beams and subdeck

c omme n ced.

15. FIFTEENTH BI-WEEKLY PROGRESS LETTER (July 26, 1969 to

August 8, 1969)

a. Contractor Construction 6ervices for h.•ANDC 1 anc 11

Placement of subdeck and steel beams for HANDEC II

was completed. Steel decking was welded to beams and seams

were cri!•ped in accordance with design arawings. Backfill was

placed around walls, surcharge and earth berrms were placed and

the DIHEST bern was started after AFWL had coTmpleted placing

the DIHEST explosives.
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SY! :L:i I , D BI-JLL FLY 0-3..-,.LS$ L iiLh (Au- jst 9, 19s9 to
August 22, 19G9)

a. Contractor Constructioni _3ervices for HA1:DEC 2 and iI I

L~iBEST ber:: constructicn for HA' 11EC 11 was cozpletec

and all e_3uip.ent .;as re:: oved fro:. site August 14 in prepara-

tio', for the FiANEbC II test event. After the test eveit, all

equipment was returned to the test site and work co.rrrence6 on

removal of I{ANDEC II surcharge, earth berrgs, and earth and

rock which entered the RCCIELST 11 test bed.

17. SEVENTF.EN"H- ANZ EIGHTEENTH BI-WELKLY I-ROJRESS LETTER

(August 23, 1969 to September 10, 1969)

a. Contractor Construction Services for HANDEC I an-- II

All beams, deck, subdeck, and earth surcharge were

removed to expose the HANDEC II test bed for visual observation

of test structure responses and the recovery of self-recording

instrumentation. All research models and silo closures were

remcved for inspection by AFWL and the concrete cap fro.- 125

linear feet of cable trench was removed for inspection and gage

recovery by AFWL.
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Inis append-ix coitai-;f Figures 4 thro-u.gh 62 which is a

collectiDn of construction photograph~s sclected- to present

a pictorial record of the significant andc/or unique con-,truc-

tics events anad to illustralýe the rproz;rcss oft the johý

Figu,.re 4, Governiuenit Drill Crews Line Drilling thceI. Perir:-eter of the AFLLiried Silo for

HANDJEC I/ Febrwary 1969.I
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Figure 5. HANDEC Y Rock Drilling During February J.969.

Figure 6, AFWL Unlined SlHANDEC 1.
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Ficfure 7. Perimeter hEc'es Drilled for 1F7L Lined Silo,
H.INUEC T

Figure 8., Instrurnenta.lton Trail~er Piotective 5tructvre,
rebruary 1969,



011 A Rol

Figure 9, TraiLler Protective Structujre wlth Earth
Y~lor, Too and Eartlm Rri'.- n !.ackgr ow-id,

Figu re J.D. Er,ýction Qf 4O,-Fcot by 10Q--Fcot Fre-

-etp Stuae13alIg



Figure *l1. Completed Metal Storage Building.

IV

~F~g.gL 12ý. -AFWL Research Modcls and C-losure Steel
Snejjs for H-%NIDEC 1.
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-Figure 13. Cuttin,4 Liner Plate for instrumrent-ition
PenietrationA, HANDEC 1.

Figure 14. Too of AFWL Structute S-1, Upsid3 Down for
,I~s',ruwentc%.ior Flaceroent 0 HANDEC 1.



Figure 1.5. Top of iFWL Structure S-2, Upside Down for Ease
of Instrumentation Installation. HANDEC I.

Fi-gure 1.6. Reirwnvinq Ufl~i-',2J Silo Clo.sure in the H.MNI)LC I
Test B3td, i's.Tes;t.
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FIgure 17. HPANUEC .1 -Pest Bed, Research Mocjels and C olu r..rs .

Figure 12.. CE;ýF Installing Instrumentation. Contractor
Erecting Columns adn Beamsi~ for HANDEC 1.



Figure 19. HANIDEC I Test Eed, Showir:g Concrete Walls,
Beams, Columns- and Test Model Locations-.

-44

Figure 20. HANDE2-- I Unlined Silo Showir~g lns*ýrumeritati~ri
Holes D)rilled int.: o c)..
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Figu~re 27. EnsarhllaBtieen FingSteelteam fror DIEto

HI-1DEC I.
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Figure 29. Detonating Cord ".rapped on Wood Racks and
Supported on Wood Rack Supports for HANDEC 1.

let.

F iu~ur e 3D. Deton~atjrjeg Cora aria: P I .-rie av f Generator

64



VI

Fi'gure 31. Placing Detonating Corci in '&e st Lod for
the IiANDEC I Test.,

Figure 32. Deto-iatinq Cor6 Placemrent Betw~een Calumýrs,
HANDL-C 1.

65



F igure 33. HANDEC I Planewave Generator Distribution Panel,
Horizontal Ties on Racks Shown on Right Sid*-
of Photo.

OIL.

F-ýgure 34. Construction of Earth Bern-L and Surc~harge
Over the ]HATNDEC I Str'ucture.



w~Em

fi-gu're 16 11AU1DEC 1 TesEt Event. at Cedar C ity, May 29, 1969.
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Figure 37. IIANDEC I after Test, Event.

Figure 38. IIANDEC III Test Bei Fji'.ed with Debris froi"l
the HIPNVEC 1 Test Everit.
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IFigure 39. Contractor Clianing the HANDEC II Test beJ

Eligure 40. Corps of Engineers Rock Drilling in the



IMOR

Ilk-

Figure 41. Corps of Engineers anid Contractor Drill Riqs.
HANDEC II Test Bed.

F'igure 42. Conktractor Dr.ill Riq D? i1.1ifl'4 Vock iPe.1L Iul io~
for Blastirng lrit;ruipneftatiofl Tro.;ru'tiJ.
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.15jto4. HAND-EC 11 Roc~k Lxcavation for Lined Silo.

Flyure 46. Rock Excavation-Lined Silo. MUO~iLC 11.

72



I jmturu 47. IIAIJL)IhC Ii 3Ljerch, M~todel nr Thwfcqut o-f Level
on Isaartnq fljnq Rc~oiVed from1 L:tUCL Fabricator.

Litr 0 IN11 ,C 7 'o.Mxo H. W l'L j~i~

it 'II~lilii ~-,iu il. 'oia-l
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JF'~ure 49. Re86arch Mudelu 8nd Silo Shells~, HANDEC' II..

kuuLk '1Auet bud, LJA~iLLC 11.



Figure 51.. Lifting AFWL Lined BaCkpacked Silo Number 1.2
for Placement in Test Bed. HANDEC II.

Figure 52. Loweringj Lined Backpacked Silo Number 12 into
Ruck Excavation, HAI4D1C II.
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.'igurt 53. Setting Lined Backpacked Silo Number 12 into
HANDEC II Rock Excavation.

Figure 54. Final Alignment Lined Backpacked Silo Number 12.
HANDEC II.
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Figure 55. Mixing, Pumping and Placincj of Backpackiit:
Material Used on Silo Vumber 2.2, RANDEC TT.

Figure 56. Backpacking Operation Around AFWL~ Silc Nu:rber 12,
HAN-DEC II,
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Figure 57. Placing Deton~ating Cord in iAI'tLC 11.

E.gure 53. JiANDLC 1-1 Tes.t Bad Prior to Pl1lcing Steel Beams.

7e



Figure 59. R{ANDEC II Te~it Bed. Beams Placed over Det~onating~
Cord Prior Ito Erection~ of Subdeck and Dec)kIng.

Figure 60. lIANDEC ii Prior to Test Event..
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I.6

Figure 61. HANDEC II Test Event, August 14, 1969.

IFigure 62. DXII-LhSl* .13e~ri- aiftex the HANDLC 11 Shlot.
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APPENDIX III

CONSTRUCTTrON DRAWINGS FANDEC I

This appendix contains the following drawings:

Figure Sheet NO. Title Paqe

63 Project AOIDEC 1 83

64 1 Test Site - Location Map 84

65 2 Index of Drawings and Test Site 85
Layout

66 3 Test Facility Layout and Trench 86
Plan

67 4 Test Structures and Details 87 -2
Unlined Si..o S-2

68 5 Test Structures and Details 88
Lined Silo S-i

69 6 Test Structures and Detailu 89
S-3, S-4, S-5 arid S.-6

70 7 Test Facility Foundation and 90 t
Framing Plan

71 8 Test Facility Structure Sections 91
and Pointer Details

72 9 Test Facility Sections and 92
Details

73 110 T=6L Facility Sectioncs ac~d 15

Details

74 1] Rock and Soil Elevations 94

75 12 Rack, Rack Support Plans and 95
Sect ions

76 13 Planewave Generator Details 96

77 14 Detonating Cord Rack Frame 97

78 15 Detonating Cord Wrapping Details 98

81



.-

CONSTMUC'i i)! DRAWIN3-S HANDEC I (C'ont'u )

Figure Sheet No. T -tle

79 16 Tra~llr Shelter Foundation Plcn 99

60 17 Trailey Shelter Elevations 10,J

81 13 Trailer Shelter Roof Frairins 101
plan

82 19 Trailer Shelter Sections and
Details

83 20 Trailer Shelter Sections and i03
Details

84 21 Trailer Shelter Structure 1U4
Sections

85 22 Explosive Storag e bunker 105

86 23 Electrical Power System 106
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APPENDIX IV

CONSTRUCTION DRAWINGS HANDEC II

This appendix coutains the following drawinq,:

Fiauree Sheet No- Title Page

87 Project HANDEC II - Drawing Index 109

88 1 Test Facility - Vicinity Map, 110
-te Location Map and

Existing Soil, Rock Elevations

89 2 Test Facility - General Notes, 111
Foundation and Framing Plan

90 3 Test Facility - Cross Secticos 112

9L 3A Test Facility Earth Berm, Plan '13

and Sections (DIHEST)

4 Test Facility -Sections and 114
Detail"

93 5 Test Facility - Sections and 115
- - Details Ii

94 6 Test Facility - Detonating Fuse, 116
Rack Framing Plans, S2ctions
and Details

95 7 Test Facility - Detonating Cord I17
Wrapping, Notes, Plans and
Details

8 Test Facility - Trench ExcavatLng 1ii
Plan

97 'osures 11 through 15, Lined 119
. and Lined Backpacked Silos,

Sections and Details

98 10 -.-:Closures 16 through 19, General 120
N otes, Plan, S.ctions and

IP /

s



CONSTR>UCTION DRAWIINGS HAINDEC II (cont~d)

___,_____e •Title Page

99 11 Pre-Fab Structure, Foundation 121

Plan, Sections and Details

100 12 Symbols and General Notes 122

101 13 General Site Plan 123

102 14 Single Line Diagrams 124

103 15 Trailer Area Power Plan and 125
Details

104 16 Pre-Fab Building Plan and Details 126

105 17 Lightning Protection Plans and 127
Details
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APPENDIX V

SURVEYXS

H&IANDEC II
r

I' POST TEST SURVEY

a PER,.QANENT VERTICAL DISPLACEMENT*

LOCATION (Ahange in
Distasce anJ Elevation
Direction from (Positive)

Location North-East Corner (Jr.)
No. (Inside) (ft.) REMARKS

S W

1 30.00 2.00 3.74 Rock
2 0.00 6.00 Lost Trench
3 37.50 6.00 5.60 Trench
4 60-00 6.CO 4.94 Rock
5 75.00 6.00 5.41 Rock
6 41.25 12.00 5.00 Trench
7i 5 14.00 4.98 SP14 center(Structurefil4

Center)
8 15.08 14.00 4.99 S#14 edge
9 26.25 14.00 4.30 S#15 center

10 30.08 14.00 4.89 S#15 edge
11 88.00 16.00 5.95 Top of surface pipe
12 60.00 18.00 10.53 Rock
13 75.00 18.00 6.74 Rock
14 15,00 22.00 5.17 Rock

15 33.75 26.00 Lost St416 cen~er
16 3b.50 26,00 7.04 Sr16 edge
17 45.00 26.00 8.60 Trench
18 75.00 26.00 15.61 Trench
19 26.25 30.00 Lost Si`17 center
20 29.00 30.00 7.34 S17 edge
21 41.25 30.00 5.65 Trench
22 11.25 34.00 6.61 SP13 center
23 15.08 34.00 6.74 S;f13 edge
24 32.75 34.00 Lost S:,19 center
25 36.50 34.00 7.97 S#19 edge
26 52.50 34.00 25.30 Rock
27 26.25 38.00 Lost S"118 center
28 i9.00 38.00 8.50 S:'18 edge
29 37.50 38.00 8.54 Coicl ete

. 30 75.00 38.00 22.40 Rock
' J 1A 1 C ea , J ,• 1/( ,.

[ 311 30 C0 42.00 8.00

*q*Sc Figure 106

129



LOCA iI ON Change in
Lid6ancv and Elevation
Direction from (Positive)

Location North-East Corner (In.)Nu, (Inside) (ft.) RE."RKS

S w

32 66.00 44.00 9.3) Top of surface pipe
33 11.25 50.0U 10.70 S,'12 center
34 15.08 50.00 11.49 Sl:i2 edge
35 33.75 50.00 10.50 Still center
36 37.58 50.00 10.32 Sf-1i edge
37 75.00 50.00 17.30 Rock
36 41.25 54.00 12.88 Trench
39 52.50 54.00 18.41 Re:k
40 52.50 58.00 15.70 Rock

1 3u



HANDEC II

POSI TESI SURVEY

PEi W-MAEENT HORIZONIAL DISPLACEMENT*

• •C .-". 0

0 0
I1i 01 0.90

102 0.93 I 0-44 0 v.83 c.89

.-. z- W r7- CZ 114

1020.31050 0.309

103 1.04 0.87 504 0.77 0.87
104 1.02 0.87 505 0.79 0.92
107 0.83 •,-2 507 0.76 M.)
108 0.91 0.82 511 0.71 0.69
113 0.72 0.82 512 0,63 0.66

513 0.74 0.69
201 0.98 0.b6 514 0.85 0.73
202 0.95 0.96
203 0.97 0.80 601 0.78 0.92
208 0.80 0.67 602 0.80 0.98
209 0.71 0.:9 603 0.79 0.95
213 0.84 0.82 606 0.66 0.97

607 0.49 0.92
301 0.87 0.89 6ý2 0.32 2.66
302 0.92 0.84 614 0.38 2.67
307 0.78 0.56
308 0.75 0.74 701 0.77 0.99
Re0 0-71 0.7R 702 0.85 1.13
313 0.80 0.70 703 0.81 1.04

704 0.60 1.04
401 0.81. 0.94 706 0.73 1,1J
402 0.85 0.89 707 0.41 1.11
403 0.99 0.91 708 0.51 1.10
404 0.96 0.93 710 0.25 0.54
405 0.87 0.84 711 0.23 2.64

407 0.82 0.83 712 0.65 2.65
413 0.71 0.68 713 0.53 2.61
414 O.;79 O.,'9 7i4 O.i31 2. '4
•*See Figure 107

*A1irat digiL denoLea column row nualber froi,, north to souL1h
Last two digits denote column number from east to west
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801 0.62 1.07 1001 0.84 1.03
b02 0.82 1.22 1002 0.63 i,12
803 0.75 1.28 1003 0.71 1.15
804 0.76 1.24 1004 0.55 1.35
805 0.69 1.41 1005 0.61 1.37
806 0.70 1.30 1006 0.59 1.26
807 0.37 1.01 O0C, 0.35 1.13
808 0.30 0.88 1008 0.32 1.35
809 0.24 0.84 1009 0.21 1.34
811 0.0; 0.74 1010 0.08 1.29
812 0.3 ' 2.57 1011 0.03 1.31813 0.44 2.51 1012 0.74 1.31

901 0.72 1.15 1101 0.73 1.07
902 0.54 1.22 IIC2 0.80 1.07
903 0.68 1.32 1103 0.78 1.07
904 0.56 1.34 1104 0.59 1.43
905 0.38 1.30 1105 0.56 1.37906 0.56 1.57 i10' 0.57 1.40
907 0.29 1.10 1107 0.54 1.34
908 0.30 1.18 1108 0.92 1.50
909 0.20 1.15 1109 0.81 1.45
910 0.04 1.16 1liO 1.55 1.27
911 0.06 1,03 111 0.79 1.48
913 0.17 2.84 1112 0,85 1.38
914 0.70 2.72
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